with NAFLD have normal alanine aminotransferase (ALT) values [Ratziu et al. 2010; Fracanzani et al. 2008; Mofrad et al. 2003 ]. In contrast, 90% of providers were comfortable using noninvasive fibrosis markers and 73% of respondents followed these patients themselves rather than deferring to a general practitioner [Ratziu et al. 2012] . Respondents prescribed pharmacologic therapy for NAFLD/NASH in only about 20% of their patients [Ratziu et al. 2012 ].
There are currently no existing data about the practices of gastroenterologists and hepatologists in the US in regard to NAFLD/NASH. Furthermore, little is known about the adherence to current guidelines in clinical practice and whether there are differences between gastroenterologists and hepatologists in the implementation of these guidelines.
Materials and methods
We sought to assess the current diagnostic and treatment patterns of NAFLD and NASH among gastroenterologists and hepatologists in the US by employing a 23 question survey. We collected information regarding respondents' practice environments, the use of invasive and noninvasive diagnostic techniques, the role of diet, exercise and selected medications in the treatment of NAFLD and NASH, and the frequency of referral for bariatric surgery. The survey is provided in the supplement.
Using the American Association for the Study of Liver Diseases (AASLD) membership directory and publicly available email addresses, we compiled a database of 482 physicians at US academic medical centers with gastroenterology and hepatology training programs. The goal was to select a group of physicians with the most expertise in liver disease. Using a personalized survey link sent via email to solicit anonymous responses, data were collected from 18 March 2014 through 14 April 2014. One reminder email was sent halfway through this period to those who had not yet responded. A link to the survey was also published on the AASLD member-to-member survey service on 18 October 2013 and responses were collected through 14 April 2014. Safeguards were in place to assure that respondents only entered data once.
We compared the responses of providers with general gastroenterology-hepatology practices with those who strictly specialize in hepatology, and compared overall patterns with the established guidelines from AASLD, the American College of Gastroenterology (ACG) and the American Gastroenterology Association (AGA). For the purposes of this manuscript, the former group are referred to as 'gastroenterologists' and the latter as 'hepatologists.' Fisher's exact test was used for comparisons between groups, with a two-tailed p value < 0.05 deemed significant.
Results
A total of 135 of 482 surveyed physicians responded to the email link (a response rate of 28%) and an additional 28 responded via the AASLD website link. All responses were anonymous. No distinction was made in the analysis between those who responded via the web link or the email invitation. Table 1 provides the details of respondents' practices and exposure to NAFLD/NASH patients. The vast majority of providers are in academic medical practices, with approximately 57% exclusively seeing hepatology patients. 62% of respondents report seeing between 5-20 patients with NAFLD per month and 35% see more than 20 per month. Among these, 51.9% report seeing <5 biopsy confirmed NASH patients/month. The majority ( 31.5% ) see 5-10 and 10.5% and 6.2% see 10-20 and >20 per month. Hepatologists are more likely to see biopsy confirmed NASH patients each month compared with general gastroenterologists (22% of hepatologists see more than 10 such patients versus 11% of gastroenterologists), but this difference was not statistically significant.
Expertise of those responding to the survey

Use of liver biopsy
Overall, only 24% of respondents routinely perform liver biopsy in patients with presumed NAFLD, but a statistically significantly higher proportion of hepatologists do so compared with gastroenterologists (31% versus 15%, p < 0.05). The majority of providers (57%), hepatologists and gastroenterologists alike, rely on elevated serum liver enzymes to determine need for liver biopsy (Figure 1 ).
Patterns of treatment for NASH
There is near universal consensus among providers in recommending diet and exercise to patients with biopsy confirmed NASH (98%). However, data were not collected on how many provided a structured plan for lifestyle modification. With respect to pharmacologic therapies, vitamin E and pioglitazone are used by 70% and 14% of respondents, respectively. Hepatologists are significantly more likely to prescribe vitamin E than gastroenterologists (76% versus 61%, p < 0.04%), but similar proportions of both groups use pioglitazone (12% versus 17%). Somewhat surprisingly, metformin is still being used as a primary therapy for NASH by 14% of physicians surveyed despite guideline recommendations to the contrary (Figure 2 ).
The risks of pharmacologic treatment and current guidelines suggest that currently available drugs should be limited to those with biopsy confirmed NASH. However, most of those surveyed do not regularly perform liver biopsy to guide therapy. Of hepatologists and gastroenterologists, only 47% and 42%, respectively, always require biopsy confirmed NASH prior to starting vitamin E. In contrast, prescribers of pioglitazone are more likely to confirm NASH histologically prior to initiating therapy (74% of hepatologists and 60% of gastroenterologists).
Vitamin E is the most commonly prescribed medication for NASH across all respondents. Among those who prescribe vitamin E, significant proportions do so in patients without histologic confirmation of NASH. Whereas some appropriately exclude patients with diabetes (34%), cirrhosis 20.7% or both (9%) for whom there is less evidence and potentially increased risk, 45% prescribe vitamin E to all patients. In those not prescribing vitamin E, 70% attribute this to a concern for risks and 24% feel it is ineffective. There appears to be broad awareness of the potential side effects of vitamin E. Respondents noted they discussed the risk of cardiovascular events (78.5%), mortality (51.9%), prostate cancer (48.1%), stroke (42.2%) and bleeding (31.9%) with patients prior to starting vitamin E. Based on this, comments of individual respondents noted that because of a concern for potential risks, patients deemed to be high risk for cardiovascular disease (CVD), stroke and prostate cancer (age, male sex) were not offered vitamin E.
The use of pioglitazone to treat patients with NASH is more limited across respondents. When it is prescribed, 67% overall limit its use to those with biopsy confirmed NASH. The most common subgroups excluded are obese and cirrhotic patients (30% and 32%); interestingly, 9% exclude patients with diabetes. 46% of prescribers do not exclude any particular group of patients from pioglitazone treatment. There appears to be good awareness of potential side effects and in those who avoid its use, it is due to these potential risks. Interestingly, when pioglitazone is prescribed, it is given for a limited amount of time in 60% and not as a chronic therapy.
Use of bariatric surgery in clinical practice
A quarter of providers do not refer patients with NAFLD to bariatric surgery. Of those that do, only 24% have referred more than 5 patients for this procedure in the last year ( Figure 3 ). Gastroenterologists are less likely than hepatologists to refer patients with NAFLD or NASH for consideration of bariatric surgery (65% referred at least one patient in the preceding 12 months, compared with 83% of hepatologists, p = 0.014%). Approximately half of all surveyed providers feel comfortable recommending it to patients with compensated NASH cirrhosis (55%).
A summarized comparison of responses by gastroenterologists and hepatologists to those survey questions with guideline-based answers can be found in Table 2 .
Discussion
While the prevalence and diagnostic features of the spectrum of NAFLD are increasingly well recognized, the optimal approach to the evaluation and management of NAFLD appears to be evolving. A multi-society panel of experts, derived from and endorsed by AASLD/AGA/ACG developed guidelines in 2012 to assist practitioners in applying a consistent approach to the evaluation and management of patients with NAFLD [Chalasani et al. 2012] . In this survey of academic gastroenterologists and hepatologists, we found that adherence to practice guidelines for NAFLD/ NASH is weak for some fundamental aspects of the recommendations and varies widely between practitioners.
It is important to consider how reported adherence to the AASLD/AGA/ACG guidelines for NAFLD compares with adherence to other comparable sets of guidelines in other disciplines. For comparison, the adherence rate of hemoglobin A1C testing and treatment modification to guidelines in type 2 diabetics is 7-39% [Lian and Liang, 2014] . When lipid lowering guidelines recommended annual low-density lipoprotein (LDL) measurements and LDL goals of <100 mg/dl for patients with coronary artery disease, one study found approximately 60% of patients in a large cohort had LDL checked appropriately and approximately 25% were at their LDL goal [Sloan et al. 2001] . How much of this variance is related to appropriate personalized medicine where the care provider makes an informed decision to depart from practice guidelines for appropriate reasons versus a lack of awareness of guidelines is unknown. In addition, some variance from guidelines is to be expected as guidelines are evidence based and such evidence rarely addresses every possible clinical scenario.
Given the practice patterns of the respondents, this survey appears to have appropriately targeted those with significant expertise and exposure to NAFLD. For most questions regarding the management of NAFLD/NASH, there was no statistically significant difference seen between adherence to guidelines by gastroenterologists and hepatologists. This indicates that in most cases, the lack of adherence is not related to the degree of training in hepatology or a lack of awareness of guidelines. This is despite the fact that hepatologists tend to see more biopsy confirmed NASH patients each month than gastroenterologists. For a few questions, however, there were significant practice differences: hepatologists perform biopsies more often on patients suspected of having NASH, they prescribe vitamin E more frequently, and refer more patients for bariatric surgery than gastroenterologists. In regard to performing biopsies, this finding is similar to that seen by Ratziu and colleagues in France, who found that hepatology specialized respondents more aggressively pursued the distinction between steatosis and steatohepatitis and performed liver biopsy more often than gastroenterologists [Ratziu et al. 2012 ]. The absence of any approved pharmacotherapy for NAFLD and NASH may have had an impact on the perceived value of liver biopsy, as most management recommendations are independent of histological findings for patients with NAFLD (e.g. diet and lifestyle modification) [Chalasani et al. 2012] . It is also possible that noninvasive indices of liver disease, such as ultrasound and magnetic resonance elastography, have attenuated enthusiasm for liver biopsy in some patients.
Liver biopsy appears to be performed less often than needed for making decisions about treatment by both gastroenterologists and hepatologists. These data suggest this may be due to an overreliance on elevated aminotransferases to identify patients who would be appropriate for biopsy and the perception that biopsy may not change management. This is evidenced by the fact that many providers prescribe medications such as vitamin E and pioglitazone without confirming NASH. Furthermore, this may explain the overwhelming preference providers have for using vitamin E over pioglitazone, as vitamin E is believed to be safer and not associated with weight gain. Its perceived safety may also explain why many providers prescribe it to patient populations outside of the recommendations, such as in diabetics or cirrhotics. The high degree of tolerability and low risk of initiating vitamin E supplementation is likely to have attenuated enthusiasm for performing liver biopsy prior to initiating vitamin E supplementation.
The use of vitamin E in patients without biopsy confirmed disease, including those with diabetes or cirrhosis, is nonetheless somewhat surprising because the survey suggests that most prescribers are aware of the potential side effects of vitamin E supplementation. However, a subset of respondents seems to avoid vitamin E unnecessarily. Specific safety concerns include bleeding risk due to an association of vitamin E with increased risk of hemorrhagic stroke (0.8 more per 1000 treated persons, or 22% relative risk increase), countered by a decreased risk of ischemic stroke (2.1 fewer per 1000 treated persons, or 10% relative risk reduction) [Schurks et al. 2010] . The potential association between vitamin E use and increased mortality has also received substantial attention [Miller et al. 2005 ]. However, the frequently referenced meta-analysis by Miller and colleagues has several limitations including the inclusion of trials using multiple formulations and dosages of vitamin E and trials of vitamin E in combination with other supplements. The use of different methodologies in more recent meta-analyses have yielded conflicting results, with no increased mortality seen from vitamin E use [Gerss and Kopcke, 2009; Berry et al. 2009; Curtis et al. 2014] . In certain populations, however, vitamin E appears to have the potential for serious side effects, such as the development or worsening of heart failure in those with known CVD or diabetes [Marchioli et al. 2006; Lonn et al. 2005 ]. Among healthy men, vitamin E has been shown to slightly but significantly increase the absolute risk of development of prostate cancer (1.6 per 1000 person-years) [Klein et al. 2011] . Data from the survey suggest that, while respondents seem aware of potential risks, the understanding of the magnitude of the risk may be overstated, particularly with respect to overall mortality risk related to vitamin E use.
Most gastroenterologists and hepatologists surveyed do not regularly prescribe pioglitazone for the treatment of NASH. Weight gain is the most common unwanted side effect and can be substantial in some patients [Sanyal et al. 2010 ].
Provided it is not given to patients with established heart failure [New York Heart Association (NYHA) class II, III or IV], the risk of significant heart failure exacerbation is no higher than placebo [Sanyal et al. 2010] or metformin [Breunig et al. 2014] . Other increased risks such as that of bladder cancer are low or nonexistent as suggested by a recent analysis of 1 million patients spanning 5.9 million person-years over a 4-7.4 year follow up [Levin et al. 2014] . While pioglitazone remains the best studied compound in patients with NASH in the presence of diabetes or cirrhosis, our data show that there is reluctance to use pioglitazone in these subgroups of patients that may benefit.
The use of metformin as frequently as pioglitazone is surprising given its lack of efficacy for this indication and the recommendation against its use as a treatment for NASH [Chalasani et al. 2012 ]. Metformin does not appear to have much effect on NAFLD/NASH independent of its potential for weight loss in regard to normalization of aminotransferases, insulin sensitization or improvement in liver histology [Shields et al. 2009; Haukeland et al. 2009; Omer et al. 2010 ]. However, it may have a role in chemoprevention of hepatocellular carcinoma [Donadon et al. 2010; Lai et al. 2012; Zhang et al. 2012; Chen et al. 2013] .
Bariatric surgery has been shown to improve survival in two large studies; this improvement in survival is specifically related to reduced death from CVD and cancer -the most common causes of death in patients with NASH [Adams et al. 2007; Sjostrom et al. 2007 ]. Bariatric surgery can substantially improve or reverse metabolic comorbidities associated with NAFLD and available data suggest it is also effective in reversing or improving NASH [Mathurin et al. 2009; Mummadi et al. 2008] . However, our survey indicates that a quarter of providers do not refer potentially eligible patients with NAFLD for bariatric surgery. While there is concern for mild worsening of fibrosis after bariatric surgery, more recent work has shown that fibrosis may also improve [Caiazzo et al. 2014; Lassailly et al. 2015] . Current guidelines do not formally recommend bariatric surgery as a treatment for NASH per se, but they do note that patients with noncirrhotic NASH who have established indications for bariatric surgery should be considered. The cornerstone of treatment of NAFLD is lifestyle intervention and careful management of related comorbidities with the intention of ultimately reducing mortality related to CVD. Based on this we should consider bariatric surgery in appropriate patients because it has been shown to reduce both cardiovascular and cancer related death overall.
The limitations of our survey include the selfreported nature of the data, as well as the possibility of differences in practice between respondents and nonrespondents. The 28% response rate, however, is adequate, as similar surveys generally elicit a 20% response [Dykema et al. 2013] . Referral bias may be playing a role in the increased use of liver biopsy by hepatologists compared with gastroenterologists, as the former are more likely to offer NAFLD/NASH clinical trials to patients. The questions also by their nature do not account for unique patient circumstances that inevitably arise. Finally, there may be differences in interpretation of the guidelines and available data accounting for some of the nonadherence that is seen.
Conclusion
In a survey of academic gastroenterologists and hepatologists to identify practice patterns regarding the diagnosis and management of NAFLD and NASH, we found that real life practices often differ substantially from published guidelines. Liver biopsy is recommended infrequently, suggesting that NASH is underdiagnosed, even in highly specialized practices. Pioglitazone is used much less often than vitamin E and vitamin E is often prescribed to patient groups that lack supporting data or avoided unnecessarily. As new therapeutic options become available, accurately diagnosing and staging NASH will become even more important.
Patients with advanced NASH often have normal aminotransferases and are thus often left undiagnosed, since most providers use the presence of abnormal liver chemistries to perform a biopsy. The most important divergence in clinical practice identified here is the failure to regularly incorporate liver biopsy to diagnose NASH. It is clear from recently published literature that the natural history of patients diagnosed with NASH and fibrosis is distinct from those diagnosed with non-NASH/NAFLD. Not only does an accurate histological diagnosis allow the practitioner to provide valuable prognostic information, it opens the opportunity to offer emerging therapy to those with more advanced disease.
The best approach to improve adherence to best practice is to continue to increase awareness of the disease. This can be achieved through publications identifying gaps in knowledge and in clinical practice and through educational programs to increase awareness of NASH as a distinct entity from non-NASH NAFLD. Ongoing biomarker development will speed this process and at some point allow us to avoid the need for biopsy in most instances. Until then with increased awareness of emerging therapies, providers may be more willing to undergo the risk of liver biopsy if they have more to offer their patients. Box 1 Current knowledge -The prevalence of nonalcoholic steatohepatitis (NASH) is increasing and accounts for a growing number of patients with cirrhosis or hepatocellular cancer. -Liver biopsy is the Gold Standard method to diagnose NASH. -Treatment options are limited, though vitamin E and pioglitazone improve liver injury related to NASH and are recommended by practice guidelines.
New findings -Even physicians with significant expertise in liver disease are reluctant to recommend liver biopsy for patients in the absence of elevations in liver chemistries when suspecting NASH. -Patients are being treated with pioglitazone or vitamin E often without biopsy confirmation of NASH. -Patient selection for treatment often does not follow published guidelines.
Box 1 Summary.
summarizes current knowledge of the prevalence and treatment of NAFLD and NASH, and our findings on real life practice patterns.
